Although the use of nutritional supplements by professional athletes and the benefits thereof have been extensively studied, information on recreational athletes' use of supplements is limited. This study investigated the consumption of nutritional supplements, source of information and supply of supplements, and level of awareness with regard to the relevant legislation among individuals who undertake regular exercise in Athens, Greece. A closed-ended, anonymous questionnaire was answered by 329 subjects (180 men, 149 women), age 30.6 ± 12.1 yr, from 11 randomly selected gym centers. Preparations declared as anabolic agents by the users were submitted to a gas chromatographic analyzer coupled to a mass spectrometric detector. Consumption of nutritional supplements was reported by 41% of the study population, with proteins/amino acids and vitamins being the most popular. Age (r = .456, p = .035), sex (χ 2 = 14.1, df = 1, p < .001), level of education (χ 2 = 14.1, df = 3, p < .001), and profession (χ 2 = 11.4, df = 4, p = .022) were associated with the subjects' decision to consume nutritional supplements. Most (67.1%) purchased products from health food stores. Only 17.1% had consulted a physician or nutritionist, and one third were aware of the relevant legislation. Two preparations were detected containing synthetic anabolic steroids not stated on the label. In conclusion, use of nutritional supplements was common among recreational athletes in Athens, Greece. A low level of awareness and low involvement of health care professionals as sources of information and supply were observed.
The use of nutritional supplements to correct for nutritional deficiencies can assist many patients with different pathologies and improve their quality of life. However, consumption of supplements in amounts above the recommended dietary allowance could potentially lead to severe adverse effects (Akiyasu et al., 2010; McCormick, 2010) . To avoid such complications, administration or prescription of nutritional supplements should lie within the responsibility of a specialized professional (physician, nutritionist, etc.; Petroczi, Naughton, Mazanov, Holloway, & Bingham, 2007a; Webb, 2007) .
The use of nutritional supplements by professional athletes and the benefits thereof have been extensively studied (Alaranta, Alaranta, Heliovaara, Airaksinen, & Helenius, 2006; Ciocca, 2005; Corrigan & Kazlauskas, 2003; Huang, Johnson, & Pipe, 2006; Phillips, 2004; Tsitsimpikou et al., 2009 ). In the general population, consumption of nutritional supplements is often associated with a healthy lifestyle (Kourlaba et al., 2008; Reinert, Rohrmann, Becker, & Linseisen, 2007) . Whereas several studies have been conducted on the effects of nutritional supplements on exercise performance of recreational athletes (Aguilo et al., 2007; Chen, Ai, Shi, Wu, & Chen, 1996; Thomas et al., 2007) , information on the prevalence of supplementation use in recreational athletes worldwide is limited (Chlopicka, Wandas, & Zachwieja, 2007; Kanayama, Gruber, Pope, Borowiecki, & Hudson, 2001; Morrison, Gizis, & Shorter, 2004; Oliver, Leon, & Hernandez, 2008) . Furthermore, the intake of supplements among people exercising in gyms is usually reported to be self-prescribed (Goston & Correia, 2010) , and relevant information is commonly obtained from fellow athletes, coaches, friends, or family (Froiland, Koszewski, Hingst, & Kopecky, 2004; Tian, Ong, & Tan, 2009) . Consumers are seeking guidance and more information (Miller & Russell, 2004; Miller, Russell, & Kissling, 2003) .
Regulations of marketing and composition of nutritional supplements are determined by various laws and regulations in the European Union. Adequate qualityassurance measures by supplement manufacturers, along with the risk-assessment process and the evaluation process of components from a nutritional and physiological point of view, are yet to be fully instituted (Coppens, da Silva, & Pettman, 2006; Judkins, Teale, & Hall, 2010; Lugasi, Horacsek, & Martos, 2010) .
In Greece, the legal directive describing the importation and trafficking of nutritional supplements is European Union 2002/46/EC/10-06-02. In brief, for every new brand available in the market a notification file should be deposited with the Hellenic Drug Organization, and appropriate labeling in Greek language (2000/13/ EC/20-03-00) should be placed on the product. No additional laboratory analysis of the declared composition is required, and no preventive sampling controls have yet been instituted. On the other hand, several recent studies (Geyer et al., 2004; Green, Catlin, & Starcevic, 2001; Maughan, 2005; Watson, Judkins, Houghton, Russell, & Maughan, 2009 ) have shown evidence of nutritional supplements' being mislabeled and containing anabolic steroids (prohormones) and stimulants. Furthermore, "use, possession, and trafficking" of such substances is prohibited both in doping control and under Hellenic Law 3052/2002.
In the current study we assessed the consumption patterns of nutritional supplements among recreational athletes in Athens, Greece, and the athletes' social profile, focusing on their source of information and supply of nutritional supplements and the level of their awareness with regard to the relevant legislation.
Experimental Methods
One thousand one hundred individuals, regularly exercising in 11 gym centers randomly selected in Athens, Greece, were asked to answer a validated, self-administered questionnaire with 36 closed-ended questions. The questionnaire was left at the reception desk of the selected gyms, accompanied with an explanatory opening page, where it was stated that the results of the survey were to be published. The return of the completed questionnaire was considered written consent by each subject. Three hundred twenty-nine individuals, 30.6 ± 12.1 years old, returned the questionnaire by placing it in a specifically marked receptacle at the reception desk of each gym (return rate 29.9%, in the range of typical self-completed surveys; Petroczi, Naughton, Mazanov, Holloway, & Bingham, 2007b) .
The questionnaire was developed at the Department of Medical Laboratories, Technological Educational Institute of Athens, and was structured in three sections. The first section addressed lifestyle, social, and demographic information and exercise practices adopted; the second asked about the use of nutritional supplements; and the third explored the sources of information and the level of awareness related to relevant legislation.
Nutritional supplements surveyed in this study are defined according to Directive 2002/46/EC and in agreement with previous reports (Petroczi et al., 2007b; Striegel, Simon, Wurster, Niess, & Ulrich, 2006; SundgotBorgen, Berglund, & Torstveit, 2003) as concentrated sources of nutrients or other substances with a nutritional or physiological effect, whose purpose is to supplement the normal diet. They are marketed in dose form and do not bear health or medicinal claims. The term was not defined to the responders, but they were asked whether they used supplements and for a description of their diet. Information on the use of nutritional supplements including carbohydrates, proteins/amino acids, vitamins, minerals, creatine, carnitine, caffeine, herbal preparations, enzymes/coenzymes, homeopathic preparations, and anabolic agents was sought in one multiple-choice question. Use of isotonic drinks/electrolytes was addressed in a different question.
Once the questionnaire was constructed, a multidisciplinary group of professionals who were not participating in the research group was asked to review the document and provide input. This expert group consisted of a physician, two nutritionists, a personal trainer, and a psychologist. The group provided input on the general content and face validity of the questionnaire (content validity ratio = .993, p < .05; Cohen, 1988) , which was proven complete and adequate for distribution.
The research committee of the Department of Medical Laboratories, Technological Educational Institute of Athens, provided approval for the conduct of the study and distribution of the questionnaire as part of the dissertation thesis of the student Nastasia Chrisostomou (AM 03/164).
Preparations declared as anabolic agents by the users were submitted to analysis for anabolic steroids prohibited under Hellenic Law 3052/2002. Responders using anabolic agents were asked in writing to provide the commercial preparations they were taking and leave them at the reception desk of their gym to have them analyzed for their content. All complied with this request. An Agilent 6890 gas chromatograph coupled to a 5973 quadruple mass spectrometric detector with a cross-linked 5% phenyl-methylsilicone gum capillary column (12 m × 0.200 mm, I.D. 0.33 μm) was used. Temperatures of the injector and the transfer line were set at 250 and 310 °C, respectively (Geyer et al., 2004) . Initial oven temperature was 80 °C, then ramped at 10 °C/min to 260 °C and held for 6 min. The mass spectrometric detector was acquiring data in the full SAN mode (mass range 43-800). Both methanolic extracts of the preparations and the derived material after addition to the dry methanolic extracts of 80 ml of MSTFA and incubating at 80 °C for 45 min were injected and screened for the presence of endogenous or synthetic anabolic steroids.
Statistical analysis was performed using the Statistical Package for Social Science version 12.0 (SPSS Inc., Chicago, IL). Descriptive data were calculated as frequencies and percentages. Chi-square (χ 2 ) tests were computed to reveal meaningful associations between supplement use and the categorical study variables (gender, level of education, etc.), and Pearson's correlation was performed for continuous variables (i.e., age, exercise years, etc.). Significance was accepted at p ≤ .05.
Results
Of those who responded, 78.8% of the men and 50.0% of the women had been regularly exercising for more than 3 years. In fact, 76.6% of the recreational athletes exercised more than three times a week (Table 1) . Resistance exercise and martial arts were popular with men (42.8%), while women tended to work out in aerobic sessions (35.0%). Of the athletes questioned, 29.0% combined aerobic and resistance exercise. Men worked out more per session than women. Most of the population study exercised for more than 1 hr per session.
More than half the participants (51.1%) had a university degree, and 67% of them worked in the private sector. One third of the participants were working for the health services or were involved in the sports and physical activity business sector (Table 1) .
Over 40% (41.1%) of the recreational athletes who participated in this study reported use of supplements, with proteins/amino acids and vitamins being the most popular (62.5% and 50.0%, respectively; Table 2 ). Isotonic drinks were consumed by only 24.4% of the population studied, mostly by those who practiced aerobic sports (47.2%). Of the users, 56.7% declared taking more than one type of supplement and 80.4% used them more than three times per week. The frequency of supplement use was higher in those who practiced martial arts (63.6%) and combined aerobic and resistance exercise (53.8%). The type of supplements used correlated strongly with the type of exercise practiced (χ 2 = 158, df = 45, p < .001). Those who practiced aerobic sports used carbohydrates more, whereas those who preferred resistance exercise or martial arts primarily chose proteins/amino acids.
The most frequent perceived positive effect reported was in power and endurance (67.3%), followed by enhancement in duration of exercise (12.2%). Perceived improvement in their everyday life activities as a result of supplementation was reported by 22.2% of the users, and in their physical condition, by 37.8%. Perceived positive effects of use were associated statistically with types of supplements used (χ 2 = 356, df = 54, p < .001) and frequency of use (χ 2 = 192, df = 24, p < .001).
Declared use of nutritional supplements depended on age (r = .456, p = .035) and gender (χ 2 = 14.7, df = 1, p < .001), with younger male athletes consuming more. Subjects' type of work and work schedule did not influence their decision to use nutritional supplements. Those who worked more than 8 hr/day had the highest level of consumption (χ 2 = 16.8, df = 4, p < .001). Level of education (χ 2 = 14.4, df = 3, p < .005) and profession (χ 2 = 11.4, df = 4, p < .05) were associated with the subjects' decision to consume nutritional supplements. More specifically, over 65% of teachers, individuals working in health services, and sport professionals declared no use of nutritional supplements.
Most of the users (67.1%) purchased products from a health food store, 19.6% at a pharmacy, and another 19.6% asked their trainers at the gym to provide them with nutritional supplements. Only 17.1% of them had consulted a physician or a nutritionist, although over 85% of the study population had a family physician. Those being treated for other medical conditions (6.7% of the study group: hyper-or hypothyroidism 1.2%, hypertension 3.1%, hyperlipidemia 2.4%) also reported seeking professional advice (χ 2 = 79.4, df = 42, p < .001). Other sources of supplement recommendations include their personal trainers (24.4%), other coathletes, and friends (31.6%), while 26.8% of the users had decided on their own.
Only one third of nutritional supplement users in the current study were aware of the relevant legislation, but the vast majority of them (89.1%) regularly checked the labeling of the chosen product. One third would not know where to go to have the products analyzed. The General Chemical State Laboratory would be the choice for 22.2% of the study population, and 13.3% would contact a private laboratory. Only 8.9% would seek advice from the Hellenic Drug Organization and 2.2% from the Ministry of Commerce. None of the basic characteristics of the study group, except age, seemed to influence their level of awareness with regard to legislation, their labelreading behavior, or control mechanisms.
Twenty-three subjects declared use of anabolic agents in supplements. Of these, 11 were not actually anabolic agents but consisted of amino acid combinations (arginine, taurine, etc.) and creatine. Therefore, they were summed up in the respective categories of Table  2 . The other consisted of herbal extracts (i.e., Tribulus terrestis), prohormones (i.e., dehydroepiandrosterone, dihydrotestosterone, etc.), synthetic anabolic steroids (i.e., stanozolol, mesterolone, oxymetholone), and selective estrogen-receptor modulators and aromatase inhibitors (i.e., tamoxifen, androsta-1,4,6-triene-3,17-dione, respectively). All these anabolic agents except T. terrestis are prohibited by doping control. From the preparations tested (n = 12), only two cases of pink powder contained stanozolol without having stated that on the label.
Discussion
Supplement ingestion usually occurs in the context of achieving or maintaining a healthy lifestyle (Reinert et al., 2007) . A number of surveys have profiled the characteristics of dietary supplement users in the general population as female, better educated, affluent, residents of urban areas, and already having an adequate nutritional intake and a healthy lifestyle (Foote et al., 2003; Kirk, Cade, Barrett, & Conner, 1999; Reinert et al., 2007) . Regular engagement in leisure-time physical activity is more common in supplement users than in nonusers, an association that has been confirmed by several European studies (Molinero & Marquez, 2009; Paffenbarger et al., 1993; Reinert et al., 2007) .
In the current study, limited use of nutritional supplements with regard to previous reports (Chlopicka et al., 2007; Morrison et al., 2004) was found-fewer than 50% of the recreational athletes studied in Athens, Greece, declared consumption of relevant preparations. Men were more likely than women to use some form of supplementation (52% vs. 24%, respectively) in contrast to general population (Rock, 2007) , but in agreement with trends observed among recreational athletes in Poland and the United States (Chlopicka et al., 2007; Morrison et al., 2004) . The results also indicate that a combination of substances and an administration scheme of more than 3 days/week was adopted by the recreational athletes in the current study, something that is in line with previous reports (Alaranta et al., 2006; Morrison et al., 2004; Nieper, 2005) and a common practice for professional athletes (Corrigan & Kazlauskas, 2003; Tsitsimpikou et al., 2009 ). The recreational athletes of the studied group considered their personal trainers and coathletes their main advisors regarding nutritional supplement use, a trend also observed among elite athletes (Corrigan & Kazlauskas, 2003; Petroczi et al., 2007b; Sundgot-Borgen et al., 2003) , even though there may be different motives and expectations between these two populations. On the other hand, master athletes seek advice from their physicians about their supplementation choice, and most of them obtain their nutritional supplements from pharmacies or physicians. This could be because master athletes use nutritional supplements primarily for health reasons and to a lesser extent for success in sports (Striegel et al., 2006) . Most of the supplement users in the current study purchased products from a health food store. In general, analyses of the motives for supplement use reveal that performance enhancement and strength maintenance are the predominant reasons for supplement use (38.1%; Petroczi et al., 2007b; Sobal & Marquart, 1994) . Accordingly, among the athletes questioned the most frequent perceived positive effect reported was in power and endurance, although such improvements could simply be the result of their exercise regimen.
Results similar to those of the current study were obtained when comparing the consumption pattern of nutritional supplements between elite athletes, an urban population, and recreational athletes (Reinert et al., 2007; Tsitsimpikou et al., 2009) , despite the fact that energy requirements and muscle damage may differ drastically among these groups. Protein is one of the most popular supplements used by the athletes in an attempt to increase body mass and strength. It has been suggested that resistance exercise may increase protein requirements (Phillips, 2004) . In accordance with these findings, those among the current study group who preferred resistance exercise or martial arts primarily chose proteins/amino acids. Vitamin intake has also been reported to be widespread among both athletes and the general population (Sobal & Marquart, 1994; Tsitsimpikou et al., 2009 ), a trend observed in the current study. Nevertheless, the (Burke et al., 2006) were not commonly used by the population in the current study (<25%). On the other hand, amino acids, categorized as supplements that have no clear proof of beneficial effects, were commonly used. All this suggests a lack of education among supplement users. It has been reported that greater knowledge about supplements was associated with less use (Massad, Shier, Koceja, & Ellis, 1995) . Thus, there is a need to provide accurate information that will help both professional and recreational athletes make informed choices and reduce the risks associated with misuse of supplements. Investigating nutritional supplement use for the purpose of enhancing performance is particularly important because a recent study claims there is a link between supplement use and doping (Papadopoulos, Skalkidis, Parkkari, & Petridou, 2006) . The gateway theory, developed some years ago, suggests a developmental trajectory or sequence of substance use, in which the use of illicit substances is preceded by the use of legal substances (Degenhardt et al., 2010; Molinero & Marquez, 2009 ). In the current study only a very small number of recreational athletes indicated the use of illicit doping substances. In this regard, these results differ from the results of previous studies on doping substance abuse in fitness sports (Kanayama et al., 2001; Striegel et al., 2006) . Because use and possession of doping substances are prohibited without medical prescription for the general population in Greece under Hellenic Law 3052/2002, the low numbers admitting use of anabolic agents in this study could be a reflection of underreporting.
It has been shown that supplement claims on labels of product content and efficacy can be inaccurate and misleading (Green et al., 2001; Juhn, 2003) . In the current study of recreational athletes, the vast majority of nutritional supplement users checked the labels. This is in agreement with findings from other user groups (Driskell, Schake, & Detter, 2008) . Nevertheless, lack of knowledge with respect to the relevant legislation has been identified in this study. In addition to this, the absence of requirement for manufacturers to prove the safety and effectiveness of their products (Molinero & Marquez, 2009 ) and the lack of preventive controls on the supplements' composition could cause concern regarding public health (Lombardo, 2004) .
In conclusion, use and consumption pattern of nutritional supplements among recreational athletes in Athens, Greece, were found to be similar to those of professional athletes worldwide. High prevalence of supplement use, uncontrolled access to such supplements, a low level of awareness, and a low involvement of medical and nutritional professionals were identified. Educational efforts associated with greater knowledge about real benefits of supplementation, labels, and nutritional requirements of exercising individuals are needed (Miller et al., 2003) . In addition, food supplement distribution should be controlled and properly described in legislation, and additional laboratory analysis of the declared composition along with preventive sampling controls should be instituted.
